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ABSTRACT 

We present an analysis of a 40 ksec Chandra observation of the galaxy group AWM 5. It has a small 
(~ 8 kpc) dense cool core with a temperature of ~ 1.2 keV and the temperature profile decreases 
at larger radii, from ^ 3.5 keV just outside the core to ~ 2 keV at ~ 300 kpc from the center. 
The abundance distribution shows a "hole" in the central ~ 10 kpc, where the temperature declines 
sharply. An abundance of at least a few times solar is observed ^15 — 20 kpc from the center. The 
deprojected electron density profile shows a break in slope at ^ 13 kpc and can be fit by two /^-models, 
with p = 0.72to\[l and = 5.7tli kpc, for the inner part, and /3 = 0.34 ± 0.01 and Tc = 31.3t^ J 
kpc, for the outer part. The mass fraction of hot gas is fairly fiat in the center and increases for 
r > 30 kpc up to a maximum of ^ 6.5% at r ~ 380 kpc. The gas cooling time within the central 
30 kpc is smaller than a Hubble time, although the temperature only declines in the central ^ 8 
kpc region. This discrepancy suggests that an existing cooling core has been partially re-heated. In 
particular, thermal conduction could have been a significant source of re-heating. In order for heating 
due to conduction to balance cooling due to emission of X-rays, the conductivity must be suppressed 
by a large factor (at least ^ 100). Past AGN activity (still visible as a radio source in the center of 
the group) is however the most likely source that re- heated the central regions of AWM 5. We also 
studied the properties of the ram pressure stripped tail in the group member NGC 6265. This galaxy 
is moving at M « 3.4j]Q g {v ~ 2300 km s~^) through the hot group gas. The physical length of the 
tail is ^ 42 kpc and its mass is 2.1 ± 0.2 x 10^ Mq. 

Subject headings: conduction - galaxies: clusters: individual (AWM 5) - galaxies: individual 
(NGC 6269, NGC 6265) - (galaxies:) intergalactic medium - radio continuum: 
galaxies - X-rays: galaxies: clusters 



1. INTRODUCTION 

The galaxy group AWM 5 (Albert et al. 1977) is 
an X-ray luminous nearby group (z — 0.0348) with 
~ 6 X lO'*^ erg s'^ (Jones & Forman 1999). The 
cD galaxy NGC 6269 lies at the group center and at 
the peak of the X-ray surface brightness distribution. 
NGC 6269 contains a weak central radio source 27 
mJy) with north-south radio lobes (~ 8 and ~ 10 mJy) 
extending 25" from the center (Burns et al. 1981, Gi- 
acintucci et al. 2007). NGC 6269 dominates the optical 
light from AWM 5. Since the group member NGC 6265 
is only 1.3 mags fainter than NGC 6269 and is located 
at ~ 260 kpc (in the plane of the sky) from the center, 
AWM 5 does not strictly follow the criteria of Jones et 
al. (2003) for the definition of "fossil" groups (e.g. Pon- 
man et al. 1994, Mulchaey & Zabludoff 1999, Jones et al. 
2000). However projection effects may increase in princi- 
ple the distance between the two galaxies pushing it over 
the half a virial radius limit. Moreover the velocity dif- 
ference (perpendicularly to the plane of the sky) between 
NGC 6265 and NGC 6269 is quite high (~ 700 km s"!), 
therefore NGC 6265 is almost certainly not a resident of 
the group core. In any case NGC 6269 clearly dominates 
the optical light in AWM 5. Although it does not meet 
the formal definition of a fossil group given in Jones et 
al. (2003), AWM 5 is a system with a dominant central 



galaxy, making it a group well suitable for a comparison 
with both "fossil" and normal groups. 

In a hierarchical Universe, smaller systems collapse and 
virialize at an earlier stage than more massive systems. 
Although smaller density fluctuations also can generate 
groups of galaxies at later epochs, dense groups should be 
generally older, more dynamically evolved systems than 
clusters of galaxies. In galaxy groups, galaxy mergers 
can occur very efficiently because of their low velocity 
dispersions, comparable in some cases to the internal ve- 
locity dispersion of the individual member galaxies. In 
an old, relatively isolated group with little subsequent in- 
fall, there may be sufficient time for most massive galax- 
ies (but not all the low mass galaxies) to lose energy via 
dynamical friction and merge, producing a system con- 
sisting of a giant central elliptical galaxy, dwarf galaxies 
and extended X-ray/dark matter halos. This is one of 
the proposed scenarios for the formation of giant iso- 
lated elliptical galaxies and it is based on the galactic 
cannibalism discussed by Hausman & Ostriker (1978). 
The observation of "fossil" groups (Ponman et al. 1994) 
provides clear evidence for the above mechanism. Nu- 
merical simulations (Barnes 1989) suggested that a few 
billion years are required for compact group members to 
merge and form a single elliptical galaxy. 

Presently, about a dozen such systems are identified 
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(e.g. Ponman et al. 1994, Vikhlinin et al. 1999, 
Mulchaey & Zabludoff 1999, Jones et al. 2000, Jones 
et al. 2003) but just a few have been studied in de- 
tail (e.g. Khosroshahi et al. 2004, Sun et al. 2004). 
In a 160 deg2 ROSAT PSPC survey, Vikhlinin et al. 
(1999) found four such objects. Computing the vol- 
ume covered by their survey, they estimated that "fossil" 
groups represent ~ 20% of all clusters and groups with 
Lx > 2 X 10"*^ ergs s~^. Consistent results were obtained 
by Jones et al. (2003) who, using a precise definition of 
such a system, found that "fossil" groups represent a 
sizeable percentage (8%-20%) of all systems with com- 
parable X-ray luminosities, and are as numerous as poor 
and rich clusters combined. 

More recently Khosroshahi et al. (2007), using Chan- 
dra X-ray observations and optical data of a flux- limited 
sample of five fossil groups (plus additional systems from 
the literature), studied in detail the scaling properties of 
fossils compared to normal groups and clusters. Con- 
sidering groups having the same optical luminosity, they 
found that fossils are generally more X-ray luminous than 
non-fossil groups. In their sample, however, fossil groups 
follow the conventional Lx-Tx relation of galaxy groups 
and clusters, suggesting that the X-ray luminosity and 
the gas temperature are both increased, as a consequence 
of their early formation. They also found other signa- 
tures of their early epoch of formation such as the higher 
mass concentration in fossils than in non- fossils, and the 
Mx~Tx relation, suggesting that fossils are hotter for 
a given total gravitational mass. The explanation they 
give for the difference between fossil and non-fossil prop- 
erties is that the cuspy potential well in fossils tends 
to raise the luminosity and temperature of their inter- 
galactic medium (IGM). However, this works together 
with the lower gas entropy (especially in lower mass sys- 
tems) compared to normal groups, which could arise from 
less effective pre-heating of the gas in fossils. Another 
likely effect of the early shock heating of the IGM is that 
galaxy formation efficiency is quite low in fossil systems, 
as suggested by the high mass-to-light ratios observed. 

In this paper, we describe the results from a Chandra 
observation of the galaxy group AWM 5, dominated by 
the central galaxy NGC 6269. The paper is organized 
as follows. We first describe the Chandra data prepa- 
ration and the analysis method in §2. We present the 
results coming from the X-ray morphology and spectral 
analysis of the diffuse gas in §3, comparing the optical-IR 
properties of the galaxies in the group with their X-ray 
properties in §4. We discuss the results and their impli- 
cations in §5. The "stripped" galaxy NGC 6265 falling 
into the group is described in §6, and the conclusions of 
the paper are drawn in §7. 

All the uncertainties are la (68%) for one interesting 
parameter, unless otherwise stated. The abundance es- 
timates are relative to the cosmic values given in Anders 
& Grevesse (1989). Throughout this paper we assume 
Ho = 100 h km s^^ Mpc~^, h = 0.7, flm = 0.3 and 
Oa = 0.7. For these parameters and a redshift of AWM 5 
of z = 0.0348, 1" « 0.67 kpc. 

2. CHANDRA DATA PREPARATION AND ANALYSIS 

AWM 5 was observed by the ACIS-I detector on-board 
Chandra on 2003, December 29 for a total of 40 ks (Ob- 
sID: 4972). The Chandra data analysis has been per- 



formed using CIAO v3.4, which applies the newest ACIS 
gain maps, the time-dependent ACIS gain correction, 
and the ACIS charge transfer inefficiency correction. The 
background light curve during the observation was ex- 
amined to detect periods of high background following 
Markevitch et al. (2003a); no significant flaring episodes 
were detected, giving a total good integration time of 
- 39.5 ks. 

2.1. Background Subtraction 

Since the AWM 5 group fills most of the Chandra field 
of view, we use the blank-field observations, processed 
identically to the group observation (i.e. as described 
above) and reprojected onto the sky using the aspect 
information from the group pointing. We renormalized 
the blank-fields to the background of the observation, 
using the ACIS-S2 chip, in a region of the ACIS field of 
view practically free from group emission. To perform 
the normalization, we used the energy band from 9.5 to 
12 keV, which is dominated by charged particles. 

We followed the procedure of Vikhhnin et al. (2005), 
to check if the diffuse soft X-ray background could be 
an important background component in our observation. 
We extracted a spectrum from the source-free regions of 
the detector (again the S2 chip), subtracted the renor- 
malized blank-field background and fit the background 
subtracted spectrum in XSPEC vll.3.2p (in the 0.4-1 
keV band) with an unabsorbed mekal model, whose nor- 
malization was allowed to be negative. The residuals 
were found to be negligible and consistent with zero, sug- 
gesting that an additional soft background correction is 
not necessary for our dataset. 

3. RESULTS 
3.1. X-ray morphology and surface brightness 

Figure [T] shows a 0.5-4 keV ACIS-I image of the cen- 
ter of AWM 5. The X-ray peak is coincident with the 
cD galaxy NGC 6269 (Fig. [2]). The group core is clearly 
visible at the center of the image, and diffuse emission 
is visible out to several arcminutes from the center. The 
X-ray tailed galaxy NGC 6265 (a member of the AWM 5 
group) is visible on the far west of the image and is the 
only other group member associated with extended X- 
ray emission. We performed a radial analysis of the dif- 
fuse X-ray emission to determine its properties. We used 
CIAO wavedetect to identify all the 3ct point sources and 
excluded them from the image. To extract a radial pro- 
file we used circular annuli of increasing thickness (from 
4" to 20"), out to ~ 10'. We also computed an expo- 
sure map of the observation. The exposure map values 
were averaged inside each annulus and renormalized to 
the exposure time in the central annulus. 

The background subtracted exposure corrected surface 
brightness profile of AWM 5 is plotted in Figure [31 A 
break in the slope of the surface brightness profile is vis- 
ible in the plot, at ~ 10 kpc from the group center. The 
surface brightness is well fit at all radii by two /3 models 
having core radn of rc = 0.8 ± 0.1 kpc and rc — 12.8tQ;g 
kpc in the inner (r < 11.4 kpc) and the outer part ( 
r > 11.4 kpc) respectively (x^/dof = 39.8/44). The 
corresponding best fit values of /3 are 0.458j^Q Qi[3 and 
0.357 ± 0.002, respectively. 

To check for anisotropics in the X-ray emission we 
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extracted radial profiles in four azimuthal sectors (see 
Fig. IH). The procedure adopted to compute the sur- 
face brightness was the same described above for the 
overall radial profile. We fit a /? model to each sector 
at r > 10 kpc (see Table [ij. While the northern and 
the western sectors are clearly well described by single /3 
models, the southern and the eastern surface brightness 
profiles are slightly more deviant. However the devia- 
tions are statistically insignificant {x^/v — 34.2/26 and 
/v = 37.7/26, respectively). 

3.2. Mean Temperature and Virial Radius 

The virial radius rigo of AWM 5 can be estimated from: 

riso = 1.95/1"^ {{kT)/W keVf'^{\ + z)-^/^ 

(Evrard et al. 1996) This scaling relation may not be 
valid for cool groups (see e.g. Sanderson et al. 2003) but 
can still be used for comparison with other work (see 
13.71 below). To compute the global temperature (fcT) 
necessary to estimate rigo, we extracted a spectrum from 
0.05ri8o to 0.3ri8o- The central region is excluded to 
avoid contamination from the group cooling core (CC). 
The spectra were fitted in XSPEC vll.3.2p with a sin- 
gle temperature mekal model, with Galactic absorption 
(4.8 X 10^° cm-2; Stark et al. 1992) leaving the metal 
abundance free to vary. The values of (fcT) and rigo are 
evaluated iteratively until convergence to a stable value 
of the temperature is obtained (AfcT < 0.01 keV be- 
tween two different iterations). The best fit temperature 
was kT = 2.33to i9 keV, while the best fit metalhcity 
was Z = 0.401q^3 Zq. The virial radius estimated from 
eq. [Dfor AWM'5 is rigo = 1.28 Mpc. The total X-ray 
luminosity observed within the emission region (r < 400 
kpc) is - 1.3 X lO''^ erg s'^ At rsoo (1.03 Mpc) and at 
riso the total luminosities, extrapolated from the surface 
brightness P model fit (§ 13. ip . are ^ 1.6 x 10**^ erg s~^ 
and ~ 1.7 X lO'*'^ erg s~^, respectively. 

3.3. Temperature and Abundance profiles 

To study the physical properties of the group emission, 
we subdivided the emission from the group into annuli 
centered on the X-ray peak. We required ~ 1,000 net 
counts in each of the central annuli (r < 40 kpc), and 
~ 2,000 net counts in each of the outer annuli (r > 40 
kpc), where the surface brightness is lower and the con- 
tribution from the background is higher. We extracted a 
spectrum from each annulus (excluding point sources) us- 
ing specextract, which generates source and background 
spectra and builds appropriate RMFs and ARFs. The 
background is taken from the re-normalized blank field 
observations using the same region as the source. 

The spectra were analyzed with XSPEC vll.3.2p (Ar- 
naud et al. 1996) and fitted with a single-temperature 
mekal model (Kaastra 1992; Liedahl et al. 1995). The 
free parameters in the model are the gas temperature 
kT, the gas metalhcity Z and the normalization. The 
spectral band considered is 0.5-4 keV. All the spectra 
were rebinned to have at least 20 counts per bin. We 
have measured Nh from the X-ray data, finding it consis- 
tent (within la) with the Galactic value along the line of 
sight, as derived from radio data (4.8 x 10^° cm^^; Stark 
et al. 1992). Since the presence of AGN activity in the 
center of AWM 5 is very likely, we have tried to add an 



additional power-law component to the thermal model 
in the central annulus. The fit is not improved signifi- 
cantly by the presence of the additional spectral compo- 
nent {^Xu < 0.05) and the contribution of a power-law 
is < 10% of the thermal component. We also consid- 
ered an image in the 3-8 keV band, finding that no hard 
point-like emission is present both in the Chandra 40ks 
observation and in an off-axis XMM archival observation 
(centered on NGC 6264, PI: GreenhiU). 

The projected temperature and abundance profiles of 
AWM 5 are shown in Figure [5] 

The temperature profile shows the presence of an 
~8 kpc-sized CC (projected kT ~ 1.3 keV; de-projected 
kT ~ 1.2) with the profile having a peak just outside the 
core and then declining from 3 keV to ~ 2 keV at larger 
radii. The abundance profile is suggestive of a "hole" in 
the center coincident with the CC. The abundance value 
rises just outside the core reaching a maximum of a few 
times solar at a radius of ~ 15 — 20 kpc and then declines 
to subsolar values. The probability that the value of the 
abundance is the same in the inner two bins and that the 
"hole" is produced by statistical fluctuations is ~ 1% and 
~ 0.3% in the projected and deprojected case, respec- 
tively. Similar behaviour is observed in other groups and 
clusters of galaxies (e.g. Perseus cluster; Schmidt et al. 
2002; Churazov et al. 2001; 2002) and was observed in 
"fossil" groups (e.g. ESQ 3060170; Sun et al. 2004). 

We also examined the radial variation of Si, S and Mg 
fitting a vmekal single temperature model to the radial 
annuli. The Fe and Mg abundance show a trend very 
similar to what was observed in the metal abundance 
profile in the mekal fit. On the other hand S and Si 
abundances are constant within the errors, although the 
large statistical errors cannot exclude that these abun- 
dances could follow the same radial trend as the other 
metals. The data quality does not allow a direct com- 
parison of the SNIa and SNII product yields with the 
results coming from the study of Rasmussen & Ponman 
(2007) on a large sample of galaxy groups. 

3.4. Physical Parameters 

The electron density profile can be obtained by depro- 
jecting the surface brightness profile (see e.g. David et 
al. 2001; Sun et al. 2003). Based on the ROSAT All- 
Sky Survey, we determined that the flux contribution 
from regions beyond the outermost bin (~ 10') is not 
significant. Thus the "onion-peeling" technique adopted 
starts in the outer annulus, converting the observed 
background-subtracted and exposure-corrected 0.5-4 keV 
surface brightness profile (derived in 22 radial bins) to 
electron density. In each bin, an emissivity for the gas at 
a fixed temperature kT and Z is computed for a standard 
mekal model to perform the conversion. The procedure 
determines the density at progressively smaller radii, 
subtracting the projected emission from larger radii. In 
the temperature range observed in the projected profile 
of AWM 5 (1.3 < kT < 3.2 keV), the X-ray emissivity 
is sensitive to both abundance and temperature. There- 
fore, with the assumption of spherical symmetry, we first 
performed a spectral deprojection to obtain the 3D tem- 
perature and abundance profiles (Fig. [5|) . Only six radial 
bins were considered for the spectral deprojection. Be- 
cause of the steep temperature gradient observed in the 
core of AWM 5 we chose a broken power-law model to fit 
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kT. A second order polynomial was chosen to model the 
radial dependence of the abundance. We varied the val- 
ues of kT and Z within their Icr uncertainties, through 
1000 Monte Carlo simulations to obtain the Icr errors on 
the best-fit parameters of the fits to the kT and Z pro- 
files. The statistical errors in the electron density were 
determined by combining the uncertainties in the X-ray 
emissivity and in the surface brightness profiles. The 
missing emission volume in each annulus because of the 
chip edges, gaps and point sources was derived by Monte 
Carlo simulations and included in the computation of the 
errors as well. 

The derived electron density profile is shown in Fig. [6l 
It can be fit by a double /3-model although the best-fit 
is not good {x^/dof = 47.0/16), mostly because of the 
three points at 25 kpc< r <60 kpc. The inner /3-model 
(at r < 13.4 kpc) has best fit values of: (3 = 0.72^° -J^; 

Tc — 5.7^\'l kpc). A core radius of Tc = Sl.SlgJ kpc 
and a, (3 — 0.34 ±0.01 were derived for the outer /3-model 
(at r > 13.4 kpc). At r > 30 kpc a power-law can also 
be fit to the data {x^/dof = 33.3/15). We found that 
nc oc r-o.9i±o.02 ^^g^^^yggn 30 kpc and 300 kpc. The slope 
measured for the density profile is very similar to that 
observed in cool groups (e.g. NGC1550, Sun et al. 2003) 
but much flatter than those measured in "fossil" groups 
(e.g. NGC6482, Khosroshahi et al. 2004; ESO3060170, 
Sun et al. 2004) and in clusters, where generally Uc oc 
r~^ beyond several core radii. With the deprojected elec- 
tron density profile, we were also able to derive the cool- 
ing time and entropy profiles (defined as 5 = kT/nl^^; 
Fig- El- The cooling time is less than 10^ yr in the very 
center and less than a Hubble time 10^" yr) within 
the central 30 kpc. 

3.5. Energetics of the radio lobes 

As described in § [1] AWM 5 hosts a weak central radio 
source (Fig. [8]). The two lobes seem to be coincident with 
a depression in the X-ray emission, observed especially 
in the southern lobe. However the Chandra data are not 
sufficiently deep to perform any detailed analysis on such 
cavities. 

From the geometrical properties of the radio lobes and 
the density and temperature (and hence pressure) pro- 
files derived above we can determine some of their phys- 
ical parameters. The calculations derived in this section 
refer to the northern radio lobe, however the two lobes 
are quite symmetric and we can consider these numbers 
valid also for the southern lobe. The northern lobe shape 
can be approximated with a sphere with a ~ 8" radius 
5.4 kpc). We assume that the lobe rose buoyantly 
at half the speed of sound (e.g. as in M 87, Chura- 
zov et al. 2001). At the temperature of the CC of 
AWM 5, kT = 1.2 keV, the speed of sound is - 600 
km s~^, the rise time of the lobe and hence the age is 
therefore 3.5 x 10^ yr, consistent with the radiative age 
trad = 6.5 X 10^ derived by Giacintucci et al. (2007). 
The energy necessary to inflate the lobe can be calcu- 
lated as ipV {p is the local hot gas pressure since the 
lobe is supposed to be in pressure equilibrium, and V is 
the volume of the lobe itself) and is 6.4 x 10^^ erg. There- 
fore the power necessary to inflate the lobe in 3.5 x 10^ 
yr is ~ 5.8 X 10^^ erg s~^. This number is two orders of 
magnitude higher than the X-ray upper limit we obtain 



for the AGN at the center of NGC 6269. If we esti- 
mate the mechanical luminosity of the rising bubble as 
Lmech = pV/t (Birzan et al. 2004), where t is the age 
of the bubble, we obtain Lmech ~ 1-4 x 10**^ erg s~^. 
This can also be compared with a total radio luminos- 
ity of ~ 10^° erg s~^ (see § [5]), in agreement with the 
Lradio ~ Lmech relation derived by Birzan et al. (2004), 

who flnd that Lmech > Lradio- 

Marconi & Hunt (2003) derived a correlation between 
the bulge infrared luminosity (LK^^tuige) and the mass 
of the central black hole (Mbh)- For NGC 6269 we es- 
timate Mbh ~ 10^ M0. The luminosity expected for 
steady Bondi accretion (Bondi 1952; see § 14.11) of a 10^ 
solar masses black hole (deriving the density at r = 
from the inner /3-model obtained in § 13. 4[) is at least one 
order of magnitude larger than the energy necessary to 
inflate the radio bubbles. 

If the radio-lobes are not parallel to the plane of the 
sky the estimates performed above will be different. In 
particular, if we name 9 the inclination angle of the lobe 
axis with respect to the plane of the sky, the volume of 
the bubble will be increased by a factor (cos 9)~^ and so 
the energy necessary to inflate the bubble. However, un- 
less we are dealing with a very extreme inclination angle, 
the estimates computed in this Section can be considered 
reliable within a factor of a few. 

3.6. X-ray Gas Mass and Total Gravitating Mass 

The gas density and temperature proflles derived in 
ii l3.4l can be used to estimate the total gravitational mass 
proflle under the assumption of hydrostatic equilibrium: 



M{< r) 



kT{r)r / d\ogne{r) d\ogT{r) 



(2) 



^nipG \ dlogr dlogr 

where G and mp are the gravitational constant and pro- 
ton mass, and the mean particle mass is /i = 0.6. Fol- 
lowing a procedure similar to that applied in i; 13. 41 in the 
deprojection of the surface brightness proflle, we consid- 
ered the broken power-law functional kT{r) as derived 
in § 13.41 We perturbed the value of kT{r) within its 
1(7 uncertainties, through 1000 Monte Carlo simulations. 
For the electron density proflle we assumed the double 
/3-model described above in § 13.41 and a similar method 
was applied to derive the density gradient and its un- 
certainties. The derived uncertainties were combined to 
compute the errors for the total gravitating mass profile. 
Both the total mass and gas mass profiles are shown in 
Fig. [9l along with the gas mass fraction. In these plots, 
we did not show the CC region (r < 10 kpc) in which 
the determination of the mass is obviously more difficult 
because of the strong temperature gradient. 

The total mass within the central 15 kpc is quite high 
(^ 10^^ M0), a value higher than those usually observed 
in groups (see e.g. Gastaldello et al. 2007). However 
AWM5 is a hot group and the high mass concentration in 
the center is most likely due to the presence of the central 
massive galaxy NGC6269, whose hot gas halo is superim- 
posed over the group halo. We fitted a Navarro, Frenk & 
White (1996; NFW) profile to measure the concentration 
parameter C200 as in Khosroshahi et al. (2007) . A single 
NFW fit cannot account for the shape of the mass profile 
at all radii. This can be explained by superposition of 
two halos of dark matter from the group and from the 
central galaxy NGC 6269. Moreover complications could 
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be introduced by the radio source (which could be more 
extended than visible in the FIRST) and by the presence 
of a steep gradient in temperature. Fitting the inner part 
(r < 80 kpc) we obtain an unusual concentration param- 
eter C200 ~ 100. On the other hand, if we fit the outer 
part (r > 80 kpc) we obtain a more reasonable C200 ~ 20 
which in a M vs. C200 diagram falls in the region occu- 
pied by other groups (e.g. the RXJ0454. 8-1806 group; 
Khosroshahi et al. 2007). 

The gas mass fraction has a constant value (~ 0.05%) 
at 10 kpc< r < 30 kpc, starting to increase rapidly at 
r > 30 kpc. The gas fraction reaches a maximum value of 
~ 6.5% at ^ 380 kpc, with no obvious signs of flattening 
at large radii. For comparison, typical gas fractions at 
large radii are ~ 15% in clusters (e.g. David et al. 1995) 
and ^ 5% in groups (Gastaldello et al. 2007). In the 
"fossil" group ESO3060170 (Sun et al. 2004) the gas 
fraction is ~ 5% at r = 200 kpc and stops growing after 
that radius. In AWM5, fgas is ^ 2.5% at r = 200 kpc, 
however it shows a trend to increase even at r > 380 kpc 
and it might converge to a larger value than observed 
with the Chandra data. 

3.7. Entropy profile 

The entropy profile of AWM 5 can be compared with 
those of other groups. We plot the scaled entropy pro- 
files {{l+7.fT-°-^^S) of AWM 5 and three other groups 
in Fig.[10l ESQ 3060170 (Sun et al. 2004) NGC 5419 and 
NGC 6482 (Khosroshahi et al. 2004). The scaled profile 
of AWM 5 is clearly flatter than all but NGC 5419. Simu- 
lations and analytical models of spherical accretion onto 
clusters predict entropy profiles with a S" oc r^'^ (Tozzi & 
Norman 2001), at least outside the central region (where 
heating and cooling are important). However, in the case 
of AWM 5, the entropy profile is never consistent with 
such a slope. The entropy is better described by a slope 

At 0.01 ri8o < r < 0.04 nso a further flattening of the 
profile is observed, similar to what is observed in ESQ 
3060170 and NGC 5419. This variety of inner entropy 
profiles is generally related to the evolutionary stages of 
group CCs. Groups with heated gas cores can have flat 
inner entropy profiles (see e.g. AWM 4, O'SuUivan et 
al. 2005), while those with large CCs do not have flat 
entropy cores. In the case of AWM 5 the flattening of 
the entropy, at least in the inner part, is coincident with 
the position of the X-ray cavities generated by the two 
radio-lobes. However the flattening extends far beyond 
those cavities and most likely is directly related to the 
re-heating of the CC (see §[5]). 

4. OPTICAL-IR PROPERTIES VS. X-RAY PROPERTIES 

Figure [11] shows the ESO Digitized Sky Survey image 
(R band) of the central regions of AWM 5. Galaxies with 
measured radial velocities (from Koranyi & Geller 2002) 
consistent with that of the group are labelled. Apart 
from NGC 6269 (the dominant galaxy in AWM 5) and 
NGC 6265 (see §[H]), only three of the 12 group galaxies in 
the Chandra field of view are detected in the X-rays. Two 
other X-ray sources within 1' (~ 40 kpc) of NGC 6269 
have red, galaxy-like optical counterparts and are likely 
group members. These two objects together with the 
galaxy D4 are listed in Tabled Their optical colors {u — 
g = 2.5; g — r = 1.4, r — i ~ 1.1) rule out the possibility 



that they could be background AGN (see e.g. Richards 
et al. 2001). These values put them in the region of the 
color-color diagrams of late M-type stars (Finlator et al. 
2000), and are very different from the colors observed in 
all the other galaxies of the group (1.7 < u — g < 2.0; 
0.8 < 5 - r < 0.9, 0.4 < r - i < 0.5). The presence of 
a Chandra counterpart excludes the possibility that we 
are observing two red giants and suggests that we are 
dealing with very old stellar systems. 

We compared the X-ray and infrared luminosities of 
the galaxies in AWM 5 with a bright nearby sample of 
early-type galaxies (Elhs & O'SuUivan 2006). The X-ray 
luminosity (where there is no detection) was computed 
from the background level detected in a 3" circle cen- 
tered on the optical position of each galaxy, after model- 
ing out the general group emission at that radius (from 
the /3 model derived in § 13. ip . Following Poisson's for- 
mula we estimated the number of counts that would be 
necessary to get a 3-(t detection to obtain a flux and 
therefore a luminosity. Following a procedure similar to 
that adopted by Revnivtsev et al. (2008) in the case of 
the unresolved X-ray emission in NGC 3379, in Figure [T2l 
we plotted the Ks-hand luminosities (expressed in solar 
units) together with the ratio of the x-ray luminosity over 
the i^s-band luminosity, for both the galaxies in AWM 5 
and the sample of Ellis & O'SuUivan (2006). A reference 
value for the maximum expected contribution to the X- 
ray emission coming from CVs and normal stars (solid 
line) and from low mass X-ray binaries (LMXBs, dotted 
line) is shown in the plot as well. The AWM 5 mem- 
bers follow the distribution of early-type galaxies from 
the bright sample. This is true also for the two galax- 
ies D2 and D3, assuming they are group members. It is 
clear from this plot that CVs and stars cannot account 
for the X-ray emission in any of the AWM 5 members. 
While the X-ray emission from Dl could be due entirely 
to unresolved LMXBs, the X-ray emission from D2, D3, 
D4 and D5 is clearly of nuclear origin. Based on their 
upper limits we cannot exclude that also the other group 
members with undetected X-ray emission could harbor a 
nuclear source. 

4.1. Black hole masses and Bondi accretion rates 

In the cores of early-type galaxies, stellar mass loss is 
of the order of a few 10^^ up to a few 10"'' Mq yr~^ 
(e.g. Soria et al. 2006) and in most cases represents 
the most important fueling source for their central black 
holes (usually larger than the fuel available from the hot 
gas). For the AWM 5 group members, we estimated the 
size of the black hole and the amount of fuel available 
from the X-ray emitting gas following the LK^,buige-MBH 
relation of Marconi & Hunt (2003; as done in § 13.51 for 
NGC 6269). Assuming that all the Kg luminosity in our 
galaxies comes from a bulge, we estimated Mbh for all 
the AWM 5 members. The values of Mbh are presented 
in Table[31 together with the corresponding ratio between 
the observed X-ray luminosity Lx (which can be consid- 
ered of nuclear origin in all galaxies except for Dl) and 
the expected Eddington luminosity L Edd for a black hole 
of mass Mbh- For our sample of AWM 5 group mem- 
bers, Lx/Lndd < 5 X 10~^ showing that all the black 
holes are accreting at a highly sub-Eddington rate. Con- 
sidering the electron density profile of the X-ray emitting 
gas (as determined in § 13. 4p and the temperature profile 
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of the gas, we estimated the accretion rate on the SMBH, 
from the Bondi (1952) formula: 

MBond^ = 1.66 X 10-^ A/2 r2"3/2 

where M7 is the Mbh in units of 10^ M©, T2 is the 
temperature in units of 2 keV and no.i is the density in 
units of 0.1 cm^'^. Assuming an accretion efhciency of 
ry = 0.1 we derived the corresponding Bondi luminosity. 
However, it is worth noting that we do not have any 
information on the line of sight position of the galaxies, 
therefore both the Bondi accretion rate and its associated 
luminosity can only be estimated as upper limits, apart 
from the case of NGC 6269. Another caveat to take 
into consideration is that motion of the galaxies through 
the group gas reduces the accretion rate. Allowing for 
uncertainties in the accretion rate, it is quite clear that 
accretion from group hot gas is not important compared 
to stellar mass loss (> a few 10~^ M© yr~^; e.g. Soria 
et al. 2006) in the AWM 5 group members. 

5. RE-HEATING MECHANISMS AND THERMAL 
CONDUCTION SUPPRESSION IN THE COOLING-CORE 
OF AWM 5 

As shown in Fig. [71 the gas cooling time within the 
central 30 kpc of AWM 5 is less than the Hubble time. 
However, this group harbors a small dense ~ 8 kpc CC 
but lacks a group-sized CC which is found in other re- 
laxed groups (e.g., NGC 1550, Sun et al. 2003; MKW 
4, O'Sullivan et al. 2003). Also "fossil" groups, which 
are believed to be old and relaxed systems, are expected 
that a group-sized CC should develop in the center in 
a relatively short time (i.e. a few Gyr). Examples of 
"fossil" groups presenting a smaller CC than expected 
from the cooling time derived in their central regions 
are indeed ESO306170 (Sun et al. 2004) and NGC 6482 
(Khosroshahi et al. 2004). 

The lack of a group-sized CC in AWM 5 can be rec- 
onciled with the current age of the system, if an existing 
CC has been re- heated. Three viable sources for reheat- 
ing CCs in groups and clusters are energy from mergers 
(which drive gas motions in the core) , energy input from 
SMBH outbursts in the central galaxy and thermal con- 
duction. 

5.1. Thermal conduction 

While conduction may be effective at larger radii (e.g., 
Narayan & Medvedev 2001; Zakamska & Narayan 2003), 
it is not effective within all cluster (and group) cores. 
Since CC clusters have a positive temperature gradient, 
heat can be conducted inward toward the center, balanc- 
ing the radiative cooling and arresting or retarding the 
formation of the CC (e.g. Stewart et al. 1984; Bregman 
& David 1988; Brighenti & Mathews 2002), although this 
is usually an unstable process. 

Gas with temperature T, density n, and a volume V 
put in thermal contact with an ambient gas having tem- 
perature T + AT, over a contact surface having an area 
A will eventually reach thermal equilibrium with the sur- 
rounding gas in a time r which can be estimated as (from 
Bohringer & Fabian 1989, adapted to the 3-D case by e.g. 
Simionescu et al. 2008): 

_ Aff _ fnfcAr V 



where AH is the enthalpy that needs to be transferred to 
the lower temperature gas to reach thermal equilibrium, 
q is the conductive heat flux, / is a reduction coefficient 
that takes into account suppression of heat conduction by 
magnetic fields, and fco 6 x 10~^ erg cm~^ s^^ K^^/^ 
is the Spitzer conduction coefficient (Spitzer 1962). For 
AWM 5, we have a gas temperature kT = 1.2 keV in a 
sphere with an ~ 8 kpc radius, in contact with ambient 
gas with a temperature of 3.7 keV. For / = 1, a den- 
sity n — 0.05 cm~^ and a temperature gradient which is 
the difference in temperature between the core and the 
bin right outside the core divided by the distance be- 
tween the center of the two bins, we obtain a very short 
timescale of ~ 17 ± 3 Myr to reach thermal equilibrium 
between the two gases. Moreover, the conductive heat 
flux is ~ 7 X 10^'^ erg s~^, about ^ 100 times larger than 
the luminosity emitted in X-rays from the core. Both 
of these facts require a large suppression of the thermal 
conductivity in the core of AWM 5, by a factor of at least 
^ 100. Such a large suppression factor is predicted by 
some theoretical calculations (e.g. Rechester & Rosen- 
bluth 1978; Chandran & Cowley 1998) and supported by 
observations in other clusters and groups of galaxies (e.g. 
Coma; Vikhlinin et al. 2001b). This is also consistent 
with the results of Simionescu et al. (2008) for M87. 

5.2. Gas sloshing 

"Sloshing" of the gas in the group core, generated by 
past merger activity, could provide enough energy to heat 
the gas in this region (see e.g., Churazov et al. 2003 for 
the case of Perseus). Markevitch et al. (2003b) found 
that approximately 2 /3 of relaxed, centrally peaked clus- 
ters with CC showed sharp surface brightness disconti- 
nuities or "edges" , characteristic of gas motions. After 
accounting for clusters with "edges" not favorably ori- 
ented for detection, all CC clusters likely harbor such 
features. Ascasibar & Markevitch (2006) argue that in 
centrally peaked systems, "edges" (or cold fronts) are 
driven by mergers and that merger driven "sloshing" is 
long lived since the dark matter does not relax quickly. 
However, signatures of such merger activity (e.g. surface 
brightness "edges") are not clearly visible in the X-ray 
morphology of AWM 5. The only discontinuities visible 
in the surface brightness profile are of very low statis- 
tical significance and even in the azimuthal profiles the 
discrepancies from a /3 model are within the errors. This 
explanation cannot be accurately tested with the present 
data and would need a deeper observation to confirm or 
rule out the "sloshing" as a possible re-heating source of 
the CC of AWM 5. 

5.3. Central SMBH outbursts 

Chandra observations have shown buoyant bubbles and 
weak shocks around central cluster galaxies powered by 
AGN outbursts (e.g. Perseus, Fabian et al. 2003; M87, 
Formanetal. 2005). Churazov et al. (2001, 2002) argued 
that cyclical outbursts from self-regulated accretion onto 
the central black hole could be the source of energy to 
(re)heat the CCs. Thus, a central AGN outburst might 
provide the required energy to heat the outer regions be- 
tween 8 kpc and 30 kpc. Although the presence of a 
central AGN is not directly observed in the X-ray data 
{Lx < 5.4 X 10-*° erg s"!), it is very likely that NGC 6269 
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harbors a now dormant 10^ solar mass black hole (from 
its large Kg band luminosity) . As described in § 13.51 a 
weak radio source is present at the center of NGC 6269 
with a total flux (core plus lobes) of ^ 45 mJy at 1400 
MHz. Assuming the spectral shape in the radio derived 
by Giacintucci et al. (2007), we can compute a total ra- 
dio luminosity (10 MHz - 10 GHz) of ~9 xlO^^ ergs 8"^ 
Taking the relation of Birzan et al. (2004), radio sources 
with this total luminosity can have mechanical luminosi- 
ties up to 2x10*'^ ergs s~^. If the central AGN has been 
active for the past 10^ yr (consistent with the age of the 
radio source derived in § 13.51 from the extension of the 
lobes and with the radiative age determined by Giacin- 
tucci et al. 2007), we need a heating rate of ^3x10^^^ 
ergs s~^, consistent with the 2x10'*'^ ergs s"'^ obtained 
from the radio properties of the group. Therefore, it is 
possible that a central AGN outburst could be partly re- 
sponsible for re- heating the gas between 8 and 30 kpc. A 
signature of this process may also be seen in the entropy 
profile fFig. [TU|) . The lower entropy gas between 8 and 
30 kpc could have been removed by the AGN outburst 
(e.g. Briiggen & Kaiser 2002). Moreover, the lifetime of 
the radio synchrotron emission is only 24 (B/10 fj,G)~^^^ 
(y/lA GHz)~^/^ Myr after the last injection of relativis- 
tic electrons from the nucleus. In this scenario the en- 
ergy transported by the radio jets was deposited beyond 
8 kpc (consistent with the observed extension of the ra- 
dio lobes) and heated the CC only beyond that radius. 
Weak shocks could maintain the temperature of the gas 
at smaller radii (see e.g. Forman et al. 2007, McNamara 
& Nulsen 2007, for recent examples). 

6. THE RAM-PRESSURE STRIPPED TAIL IN NGC 6265 

Fig. [T2] shows signs of possible ram pressure stripping 
of the atmosphere from the group member NGC 6265, 
an SO galaxy. The trailing stream of hot gas is at least 
40 kpc long (in the plane of the sky) . 

The surface brightness profile (Fig. [Til) shows a sud- 
den drop (of a factor of 3 — 4 at least) in coincidence 
with the leading edge of the x-ray emission, while go- 
ing toward the tail the decrease in surface brightness is 
definitely more gradual. We extracted spectra in two dif- 
ferent regions in the galaxy, one coincident with the core 
and a rectangular region coincident with the tail. We 
fit a thermal mekal model to the core of the galaxy, ob- 
taining a temperature kT = 0.78^Q'Jg keV (with Z fixed 
at 0.3 solar). For the tail, we measure kT — 0.63^q q7 
keV {Z = 0.3Zq). a second thermal component (with 
kT = 1.8 keV, as measured from the temperature pro- 
file at the radial distance of NGC 6265) was necessary 
to take into account the contribution from the ICM of 
AWM 5. The gas temperature observed in the tail is 
consistent with the temperature present in the core, and 
more than ^ 2 times lower than the AWM 5 gas at the 
radial distance of the galaxy, supporting a scenario where 
this is predominantly ram pressure stripped gas coming 
from NGC 6265 instead of ICM gas concentrated in the 
wake. We followed Vikhlinin et al. (2001a) to determine 
the speed of NGC 6265 with respect to the ambient ICM. 
The ratio of the pressure po measured at the stagnation 
point (at the edge of the discontinuity) to the pressure 
Pi measured in the free-stream, i.e. in the undisturbed 
AWM 5 ICM, is directly related to the Mach number M 



of the NGC 6265 motion relative to the ICM (Landau & 
Lifschitz 1959; Vikhfinin et al. 2001a). Although the gas 
pressure at the stagnation point cannot be measured di- 
rectly, it must equal the pressure within the leading edge. 
We assume indeed that the pressure at the stagnation 
point is equal to the pressure measured in a region includ- 
ing the core of the galaxy, i.e. p = 5.2 ± 1.0 x 10~^^ dyn 
cm~^. A more precise estimate would be to measure the 
pressure in a thin arc located along the leading edge. 
However, the counts are too few to perform such a mea- 
sure. The ratio to the pressure measured in the ICM is 
Po/pi — l'''.3j^5'3, which corresponds to a Mach number 

requires the presence of a shock 
front with a density jump of a factor of 3. The surface 
brightness profile observed in NGC 6265 shows a drop 
corresponding to the leading edge, consistent with such 
a scenario (Fig. [T3]). We derive that the total velocity 
at which NGC 6265 is moving relatively to the ICM is 
V ^ 2300 km s~^. This very high 3D velocity is a fur- 
ther confirmation that NGC 6265 is not a resident of the 
AWM 5 core (§ ^ Based on the redshift of AWM 5 and 
NGC 6265 the velocity along the line of sight is ~ 700 km 
s~^, therefore the component of the velocity parallel to 
the plane of the sky is ^ 2200 km s~^ and the inclina- 
tion angle of the motion of the galaxy with respect to the 
plane of the sky is ^ ^ 18°. The physical length of the tail 
should be then ^ 42 kpc and the ram pressure exerted 
by the ICM on the NGC 6265 gas because of the super- 
sonic motion through it is Pram ~ 4 x 10^^^ dyn cm^^. 
Unfortunately the number of photons detected in this 
observation (about 300 in the core and in the tail com- 
bined) is not sufficient for a detailed analysis. However, 
we derive the mean gas density, assuming that the tail 
is a cylinder with an 18° inclination to the plane of the 
sky. The gas density derived from the spectral analysis is 
Tie = 4.1 ± 0.3 X 10"'^ cm~'^, at least one order of magni- 
tude denser than the ICM gas {uejcM < 3x 10"'' cm~'^). 
The mass of the tail, derived assuming cylindrical geom- 
etry, is 2.1 ±0.2 X 10^ Mq. 

7. DISCUSSION 

As discussed in § [51 AWM 5 is harboring a dense ^ 
8 kpc sized CC, smaller than expected from the cooling 
time derived in its central regions. The required energy 
to heat the 1.2 keV gas (observed in the core at r < 
8 kpc) between 8 and 30 kpc to the observed value {kT ~ 
3.7 keV) is estimated to be ~ 10^^ ergs. 

Such a large amount of energy cannot be clearly pro- 
duced by star formation activity in the central galaxy 
NGC 6269 which is a cD with practically no ISM de- 
tected (e.g. Bettoni et al. 2003). SNIa explosions could 
be in principle another heating source. If we consider 
the average supernova rate observed in elliptical galaxies 
(Turatto et al. 1994) rescaled to the B-band luminosity 
of NGC 6269 we obtain a rate of 0.89 SN every 100 yr. 
Considering that each supernova could produce an en- 
ergy up to lO'^'^ ergs we obtain a corresponding heating 
rate of < 2.8 x lO**^ erg s""'. To obtain a total energy 
of ~ 10^^ ergs we would have need a constant supernova 
rate for more than 10 Gyr. Therefore we can affirm that 
the contribution of SN to the heating of the gas around 
the AWM 5 core is negligible. As explained in § 15.21 sig- 
natures of "sloshing" of the gas in the group core, gen- 
erated by past merger activity (e.g. surface brightness 



8 



Baldi et al. 



"edges" ) could not be found in the X-ray observations of 
AWM 5. Only deeper data could provide a meaningful 
test of the importance of sloshing as a re-heating source 
for the CC of AWM 5. 

The only two sources which could have played an im- 
portant role in the CC re-heating are the thermal conduc- 
tion and the central SMBH outburst. The observed tem- 
peratures in the center of AWM 5 yields a short timescale 
of ~ 17 Myr to reach thermal equilibrium between the 
lower temperature gas in the core and the higher tem- 
perature gas between 8 and 30 kpc. Moreover, the heat 
flux expected corresponds to L ^ 7 x 10''^ erg s~^, about 
~ 100 times larger than the luminosity emitted in X-rays 
from the core (~ 5 x lO'^^ erg s~^). It is clear that these 
two gases cannot stay in the current equilibrium situa- 
tion if a large suppression of the thermal conductivity in 
the core of AWM 5 (by a factor of at least ^ 100) is not 
present. Large suppression factor are indeed predicted 
by theory (e.g. Chandran & Cowley 1998) and observed 
in galaxy clusters and groups (e.g. Coma; Vikhlinin et 
al. 2001b). The most likely scenario is that thermal 
conduction has been suppressed by a large factor (most 
likely because of the presence of magnetic fields) and did 
not contribute significantly to CC re-heating. A cen- 
tral AGN is not directly observed in the AWM 5 X-ray 
data {Lx < 5.4 x 10^" erg s~^). However the Ks band 
luminosity suggests that NGC 6269 is harboring a now 
dormant 10^ solar mass black hole. As a further confir- 
mation to this scenario, a weak radio source is detected 
in the center of NGC 6269 (see S 13. 5p . As estimated in 
ii l5.3l a radio source with a total radio luminosity (10 MHz 
- 10 GHz) of ~9 xlO'^^ ergs s^^ could have mechanical 
luminosities up to 2x10^'^ ergs s'-^ (Birzan et al. 2004). 
To produce the ~ 10^^ ergs necessary to reheat the gas 
outside the core it is necessary that the AGN was active 
for the past > 10^ yr (consistent with the radiative age 
determined by Giacintucci et al. 2007). Therefore, it 
is very likely that a central AGN outburst could be the 
main responsible for re-heating the gas between 8 and 
30 kpc from the center, showing its signatures on the 
entropy profile (Fig. [T0|). Indeed, the lower entropy gas 
between 8 and 30 kpc may have been removed by the 
AGN outburst (e.g. Briiggen & Kaiser 2002). 

8. CONCLUSIONS 

In this paper we presented an analysis of a 40 ksec 
Chandra observation of the galaxy group AWM 5 (Albert 
et al. 1977). Although it does not meet the formal defi- 
nition of a fossil group given in Jones et al. (2003), this 
group is a system with a dominant central galaxy, mak- 
ing it well suitable for a comparison with both "fossil" 
and normal groups. The main results from our analysis 
are: 

• the abundance distribution shows a "hole" at the 
center, coincident with a CC. The maximum value 
of the abundance is at least a few times solar (at 
^ 15 — 20 kpc from the center). The presence of an 
abundance "hole" is not uncommon in groups and 
clusters of galaxies (e.g. Perseus cluster; Schmidt 
et al. 2002; Churazov et al. 2001; 2002) and can 



be suggestive of metals being driven from the core; 

• the derived deprojected electron density profile can 
be fit by two /^-models. The inner one (at r < 
13.4 kpc) has P = 0.72tg-J^ and = 5.7tli kpc). 
At r > 13.4 kpc we derived /3 = 0.34 ± 0.01 and 
Tc = 31.3^5 5 kpc. At r > 15 kpc a power-law is 
also a good fit to the data with Ue oc ^-'^■^^^0.02 
between 15 kpc and 300 kpc, a similar slope to 
that observed in cool groups (e.g. NGC1550, Sun 
et al. 2003) but much flatter than those measured 
in "fossil" groups (e.g. NGC6482, Khosroshahi et 
al. 2004; ESO3060170, Sun et al. 2004) and in 
clusters; 

• we compared the X-ray and optical properties of 
the group members inside the Chandra field of 
view. Apart from NGC 6269 and NGC 6265 only 
three of the 12 group galaxies in the Chandra field 
of view were detected. Two other X-ray sources 
within 1' (~ 40 kpc) of NGC 6269 have red, galaxy- 
like optical counterparts and are likely group mem- 
bers. We estimated Mbh for the group members 
from their Ks luminosity following the relation of 
Marconi & Hunt (2003). The ratio Lx/LecM is less 
than 5 x 10"^ showing that these black holes are 
accreting at highly sub-Eddington rates. 

• we determined that the gas cooling time within the 
central 30 kpc of AWM 5 is smaller than the Hubble 
time, but only a small {r 8 kpc) CC is observed. 
This discrepancy suggests that the gas beyond ^ 
8 kpc has been re-heated; 

• we find that heat conduction could be a significant 
source of re-heating in the AWM 5 core. Moreover, 
balance between heating expected from conduction 
and cooling due to X-ray emission requires large 
suppression (of a factor of at least ~ 100) in the 
conductivity; 

• we find evidence for past AGN activity (whose foot- 
prints are still observable as a radio source in the 
center of the cD galaxy NGC 6265). This is the 
most likely contributing source of re-heating for the 
central regions of AWM 5. 

• we studied the properties of the ram pressure 
stripped tail in the group member NGC 6265. The 
galaxy is moving at M w 3.4j^Q g in the group ICM. 
Moreover the physical length of the tail was mea- 
sured to be ~ 42 kpc. 
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Fig. 1. — The 0.5-4 keV Chandra ACIS-I image of AWM 5, with the X-ray peak centered on the galaxy NGC 6269. The point sources 
were removed from the exposure corrected image and then smoothed with a 7 pixel (~ 3.5") wide gaussian kernel. The group member 
NGC 6265 is visible ~ 6' to the west of NGC 6269, with a small ram-pressure stripped tail extending to the north-west. 
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Fig. 2.— Optical DSS image of AWM5 with the 0.5-4 keV Chandra ACIS-I contours plotted in red. The central cD galaxy NGC 6269 is 
located in the peak of the X-ray emission. The group member NGC 6265 is the only other galaxy in the group associated with extended 
X-ray emission. 
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Fig. 3. — 0.5-4 keV Chandra ACIS-I surface brightness profile of the X-ray diffuse emission from AWM 5. The profile shows a breaJc in 
the slope at ~ 10 kpc from the center. The best fit double f) model (plotted as a solid line) has rc = 0.8 ±0.1 kpc, f) = 0.458^q qJ3 at 
r < 11.4 kpc, and Tc = IS.Stj g kpc, /? = 0.357 ± 0.002 at r > 11.4 kpc. 
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Fig. 4. — 0.5-4 keV Chandra ACIS-I surface brightness profile of the diffuse X-ray emission from AWM 5 in four azimuthal sectors: 
north=filled squares, cast=opcn squares, south=fillcd triangles, west=opcn triangles. The eastern, southern and western profiles are oflFset 
from their original value for clarity. The corresponding best-fit /3 model is shown in the plot as well. 
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Fig. 5. — Left: Temperature profile for the X-ray gas observed in AWM 5. The projected temperature is plotted with filled circles and 
solid error bars, while the corresponding dcprojcctcd temperatures arc plotted with open triangles and dotted error bars. A cooling core 
~ 8 kpc in size is visible in both the projected and dcprojcctcd profiles, with the latter showing a stronger temperature gradient toward the 
center. The two profiles arc in general agreement at all radii and show a decline of the temperature from ^ 3.5 kcV, just outside the core, 
to ~ 2 keV, at ~ 300 kpc from the center. Right: Abundance profile for AWM 5. The symbols have the same meaning as in the left panel. 
Both the projected and deprojected profiles suggest an abundance "hole" interior to ~ 10 kpc, where the temperature declines sharply. 
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Fig. 7. — Top; Cooling time Tc of the gas as a function of the radial distance. The cooling time is less than a Hubble time inside the 
central ~30 kpc. A comparison with the size of the cool core observed in the temperature profile (~ 8 kpc) may indicate that the central 
regions of AWM 5 were re-heated. Bottom: Entropy of the gas as a function of the distance from the center of the group. A flattening 
of the entropy profile is observed just outside the center and is just partly due to the cavities observed in correspondance with the radio 
lobes, and most likely related to the re-heating of the core. 
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Fig. 8. — 1400 MHz radio contours from the FIRST superimposed on the ACIS-I 0.5-4 keV image. The radio source has a central nucleus 
(~ 27 mjy) coincident with the group core, with north-south radio lobes (^^ 8 and ~ 10 mjy) extending 25" 17 kpc) from the center. 
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Fig. 9. — Top: Total gravitating mass and X-ray gas mass enclosed within a radius r in the AWM 5 group. Bottom: Fraction of the gas 
mass over the total gravitating mass as a function of the distance from the center. The gas fraction is flat within the central 30 kpc and 
increases afterwards reaching a maximum value of 6.5% at ~ 380 kpc. 
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Fig. 10.— Scaled entropy profiles for AWM 5 compared with other groups (ESO3060170, NGC 5419, NGC 6482). The entropy profile of 
AWM 5 is generally flatter than the other groups (oc r"'^, dotted line) and also from the slope (oc r^-^ , plotted as a dashed line) predicted by 
cluster simulations (Tozzi & Norman 2001). The flattening of the entropy profile just outside the core of AWM 5 (O.Olrigo < < O.OSrigo) 
has been observed also in other fossil groups lacking a cool core (e.g. NGC 5419, ESO3060170) and is most hkely related to the re-heating 
of the cores. 




Fig. 11. — ESO Digitized Sky Survey R-band image of the group AWM 5. The blue circles refer to the group members (with a confirmed 
radial velocity from Koranyi & Geller 2002) with a detected X-ray counterpart from Chandra AClS-1, while the group members without 
a Chandra counterpart are shown with red circles. The two galaxies indicated with a magenta circle do not have a determination of the 
radial velocity, however they are detected in the Chandra image and look to be part of an alignment together with the source D4, pointing 
toward NGC 6269. 
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Fig. 12. — Infrared luminosity (L/fs i expressed in solar units) vs. the ratio of the X-ray luminosity over Lfc^ in the AWM 5 members (big 
circles and big bold upper limits) and in a sample of early-type galaxies from Ellis & O'SuUivan (small crosses and small upper limits). The 
maximum contribution to the X-ray emission expected from CVs and normal stars (solid line) and from LMXBs (dotted line) is plotted 
as well. The AWM 5 group members follow the distribution of early-type galaxies and are well above the contribution expected from CVs 
and stars. All the group members with detected X-ray emission, except Dl, are also not consistent with emission coming exclusively from 
LMXBs. 
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Fig. 13. — Left: X-ray emission (0.5-2 keV; 4" bins) of ram pressure stripped gas from NGC 6265. Right: X-ray contours superimposed 
on the optical DSS image. The X-ray tail is 40 kpc long (projected on the sky). 
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Fig. 14. — Surface brightness profile along the X-ray gas stream around NGC 6265. The zero on the X-axis corresponds to the leading 
edge of the X-ray emission, where a sudden drop in surface brightness of a factor of 3-4 is observed. 
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TABLE 1 

Best fit /3 models for the surface brightness profile wedges of AWM 5 



Wedge Orientation jdof Tc (kpc) 

East 37.7/26 0.352 ± 0.005 

North 30.8/26 0.383 ± 0.006 24.7l4;g 

South 34.2/26 0.347 ± 0.005 7.0l|;^ 

West 29.9/26 0.359 ± 0.005 ^■'^tll 



TABLE 2 

Galaxies with velocities consistent with the AWM 5 group within the Chandra ACIS-I field of view and relative optical-infrared properties. The optical colors 

ARE taken from THE THIRD DATA RELEASE OF SDSS (ABAZAJIAN ET AL. 2005), WHILE THE INFRARED ARE FROM 2MASS. THE RADIAL VELOCITIES ARE FROM KORANYI & GeLLER (2002). 
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TABLE 3 

Black hole masses, X-ray luminosities and Bondi accretion rates for the AWM 5 group members in the ACIS-I field of view. The black hole masses were derived 

FROM Lk, following MARCONI & : HU NT (2003). THE BONDI ACCRETION RATE (BONDI 1952) WAS DETERMINED ASSUMING THE TEMPERATURE AND DENSITY OF THE GAS AT THE POSITION 
OF EACH GALAXY AS DERIVED IN ^ 13.41 AND THEREFORE CAN BE CONSIDERED UPPER LIMITS APART FROM THE CASE OF THE CENTRAL GALAXY NGC 6269. THE BONDI LUMINOSITIES WERE 

COMPUTED ASSUMING AN ACCRETION EFFICIENCY Tj = 0.1. 
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